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[57] ABSTRACT 

In a color sequential system using LCDs, the LCD must 
operate faster than the frame rate because red, green, and 
blue are done sequentially. Ferroelectric LCDs can do this, 
but they are not analog devices and so cannot provide analog 
display levels. Instead, a pulse width modulation (PW^M) 
technique is used. In the system of the present invention, 
each pixel has three storage devices to hold RGB analog 
levels. A latch is used to load these values in parallel. Then 
an analog 3:1 multiplexer is used to select the proper storage 
device for the current sequential color. The multiplexer 
output goes to a comparator, which has a sawtooth wave- 
form input at much faster than the frame rate. The compara- 
tor output changes with the sawtooth level, so that PWM 
control is provided for each pixel. As an alternative, standard 
analog LCD pixels can be sequentially switched between 
three color input storage devices. 

14 Claims, 4 Drawing Sheets 
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MULTIPLEXED DISPLAY ELEMENT LCDs can be used to valve the light transmitted from a 

SEQUENTIAL COLOR LCD PANEL pixel in a color sequential system. The LCD must operate at 

BACKGROUND OF THE INVENTION tr *P* e ^ e ^ rame rate > because red, green, and blue are done 

n- tA sequentially. Ferroelectric LCDs can do this, but they are 

1. Field of the Invention $ binary (on/off), not analog devices, and so they cannot do 
The present invention relates to color displays using ^ ^ ^ analog signal input . 

LCDs. More particularly, the present invention relates to * , _ . _ . * , . , f 

sequential color displays which use a novel control system ?!*?S?55l L n T C - . m , a J?W technical disclosure 

for ferroelectric LCDs entitled "FLC/VLSI Display Technology" and dated Dec. 1 , 

2. Description of the Related Art in 1995 (^orporated herein by reference), discloses a field 
j • j. , 4 . 4 . e 10 sequential color system using ferroelectric liquid crystals. In 
In color displays, there are three major systems for t ,\ rx- i ^ u *• i i* u* j i * /p, W \ 

« « j rr ; , j i • • . r i t »u that DisplayTech system, a spatial light modulator (SLM) 

producing different colors and brightness of colors. In the ■ * * c • i • . ■ i 

2. ur-i 5^ u t* consists of an array of square pixels orgamzed in rows and 

first, a number of pixels are provided, each pixel transmit- , n u • % • *u u ? u, i ♦ c 

. ' . . , v * . « t*u • i j columns. Each pixel in the array has a light valve on top of 

tine either red, green, or blue light. The pixels are arranged a t .i ,. , u * j / « ^ 

. B r j ^ti a *• i i • a reflector, and the hght valve can be turned on (allowing the 

in groups of red, green, and blue. A particular color is „ , , . ' . ° ,. . „ . x v «. ?• Ll 

«. j . u 1 • *u ■ * 15 light va l ve t0 transmit hght to the reflector), or the hght 

achieved in an area by turning off or on the appropriate °T . . . «* J . . • i /' . - 4 

. * * . « « . « | valve can be turned off (causing the pixel to not transmit 

pixels m that area. For example, if purple is the desired color „ A „ ,«.ui»li,\ TuTorx* •„ 1 i 

f 4 . u ir j hght, and thus appear black). The SLM is a very large scale 

in an area the green pixels m that area would remam off and ^ ^ chi ^ bfi & cialized ve * ion of 

the red and blue > pixels would be turned on. The brightness c * mplementar ; J tal oxide semiconductor (CMOS) 

Kalsowntronedbytummgonoroffpixeb If bright purpk 20 £ ran(Jom access me (DRAM) in which each 

in an area is desired, then all of the red and blue pixels would ' u , . J : . ' OT . 

. fc , . ' ip j i i • ~i • j *u memory cell corresponds to a pixel. The VLSI chip is 

be turned on in that area. If a darker purple is desired, then , - ' . , . , r t . f . . , - Vi_ 

. ... . , , , • «• • « described as being less than one inch m diagonal size. The 

some red and blue pixels would remam off in that area. .... . . , . ... * ,+ M • 

y . , _ , . . , hght valve is described as a very high speed (100 micro- 

In a second system similar to the first, a number of pixels switching time) ferroelectric liquid crystal (FLC) in 

are also provided, each pixel transmitting either red, green, 25 contact ^ the VLSI chi and which b formed ^ a ^ 

or blue hght The pixels are again arranged in groups of red, { fr ^ b aQ overlying window which visi51e 

green, and blue, and again, a particular color is achieved in j- ^ 

an area by turning off or on the appropriate pixels in that _ * ... . . . , . . . __ . _ _ 

area. However, brightness is controlled by varying the B ? wnlmg image data tats to the DRAM 
amount of hght being transmitted by a pixel which is on, 30 memor y n 5 ells ; are dls P la y ed ™ th the DisplayTech 
rather than turning off some of the pixels. As in the first system. The stored charge m each cell impresses a voltage 
system, if bright purple in an area is desired, then all of the across f he / LC t0 ' urn * off or J"? causmg light to be 
red and blue pixels would be turned on in that area. If a transmitted or not from the pixel which the FLC controls, 
darker purple is desired in an area, then rather than having In the DisplayTech system, color and gray scale is deter- 
some of the red and blue pixels remain off in that area, all 35 mined m me time domain. The DisplayTech paper discloses 
of the red and blue pixels transmit light, but the amount of that DisplayTech is able to achieve 5-bit gray (31 levels of 
hght being transmitted from each pixel varies. This second brightness) by turning the FLC to be on for between zero and 
system allows for higher resolution than the first system. 31 time units. However, the DisplayTech paper does not 
Baur, et al., in "High performance liquid crystal device establish how this time is to be established; it appears that 
suitable for projection display," SPIE Proceedings, Volume 40 each ^ ha f 1 | r 1 ™ s P e / iods wh ^e it is off or 
2650, pages 226-228 (Jan. 29-31, 1996) (incorporated ™> ^ J that the FL( ^ be switched on or off 15 times per 
herein by reference), disclose a system similar to this second ^ame (5 time periods per color, each time penod lasting 1, 
type in which liquid crystals are used as light valves to alter 2 ' 4 ' 8 > or 16 time umts )* 

the polarization of incident light on pixels such that more or The DisplayTech paper mentions that the basic operation 

less of the light striking the pixels will ultimately be trans- 45 of its FLC/VLSI display requires a relatively large band- 

mitted to a display through a beamsplitter. U.S. Pat. No. width of the input video signal which transfers information 

5,453,859 (incorporated herein by reference), issued to from the signal source (larger than for analog approaches, it 

Sannohe, et al., discloses another similar system. points out). 

A third system for producing a color display with various Bright hght sources can be used advantageously in field 

colors and brightness of colors is commonly known as field 50 sequential color systems. One type of light source which is 

sequential color. In a field sequential color system, each suitable for use in field sequential color systems is a lamp 

pixel transmits, sequentially in time, red, green, and blue known as a high intensity discharge (HID) lamp. A HID 

light. When the transmission is fast enough, the human brain lamp consists of a glass envelope which contains electrodes 

fuses all three colors of light into a single color, which is a and a fill which vaporizes and becomes a gas when the lamp 

blend of the colors. Color and brightness of color can be 55 is operated. U.S. Pat. No. 5,404,076 (incorporated herein by 

controlled in the time domain. For example, if a bluish, reference), issued to Dolan, et al., and entitled "Lamp 

purple color is desired from the pixel during a certain time Including Sulfur" discloses an electrodeless lamp utilizing a 

period, the pixel will transmit blue light longer than red fill containing sulfur or selenium or compounds of these 

light, and it will transmit no green light. Field sequential substances at a pressure at least as high as one atmosphere, 

color is advantageous in that it allows for very high 60 The fill is excited at a power density in excess of 50 watts 

resolution, since each pixel is independent of its neighbors per square centimeter. An arc lamp utilizing the fill at a 

and can assume any color. However, it has limitations which pressure at least as high as one atmosphere is excited at a 

make it a challenge to commercially exploit, including a power density of at least 60 watts per square centimeter. This 

requirement for extremely high switching rates. This is in lamp could advantageously be used with field sequential 

part needed to reduce certain undesirable color effects, 65 color systems. 

including rainbows and color flashes associated with moving Parfenov, et al., in "Advanced optical schemes with liquid 

objects. crystal image converters for display applications," SPIE 
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Proceedings, Volume 2650, pages 173-179 (Jan. 29-31, FIGS. 2 and 3 are side, partially cut-away views of 

1996 — incorporated herein by reference), disclose addi- alternative embodiments in which the techniques according 

tional background information on the use of liquid crystal to the invention could be implemented; 

devices to process video images. FIG. 4 is an elevational side view of basic components of 

SUMMARY OF THE INVENTION 5 ^ one embodiment of & c apparatus of the present inven- 
tion; 

The present invention comprises a color sequential system nG 5 is m enlarged view of a portion 0 f the light valve 

which uses FLCs controlled by analog voltage signals which panel of me present invention; 

are converted to time duration signals. FIG. 6 is a detail showing various layers of the Ught valve 

The FLCs act as light valves for the pixels of the present ™ { q{ the Qt invention; 

invention. Each pixel has three analog storage devices, one _. ..... , . . . 

each to hold red, green, and blue analog levels. In one j r * a schematic diagram showmg the electronics 

embodiment, these devices are capacitors. A latch is used to contr °Uing *" ferroelectric liquid crystal devices of the 

load these analog levels in parallel, and then the RGB color present mventl0n > 

sequencing is repeated many times during a frame. An 35 FIG - 8 shows how analo S voltage signals are converted 

analog 3:1 multiplexer (mux) is used to select the proper mto voltage inputs for the FLCs; 

storage device for a color to be displayed. The mux output FIG. 9 shows various waveforms which can be used with 

goes to a comparing device, which also receives a sawtooth the system of the present invention; and 

voltage signal with a period equal to the RGB color sequenc- FIG. 10 shows an alternative embodiment for providing 

ing color period. The comparing device, such as a 20 field sequential color using analog LCDs. 

comparator, output changes with the sawtooth level, so that 

pulse width modulation (PWM) control is provided for each DETAILED DESCRIPTION OF THE 

color for each pixel. PREFERRED EMBODIMENT 

Prior co-pending U.S. patent application Ser. No. 08/581, FIG. 1 shows a computer system 100 with which the color 

108, entitled "Projecting Images," to Knox, filed Dec. 29, 25 display control apparatus of the present invention may 

1995 (incorporated herein by reference), discloses a method advantageously be used. The computer system 100 includes 

of displaying an optical image by projecting the image along a central processing unit (CPU) 101, a computer monitor 

an optical path and at an optical device interposed across the 110, a keyboard 102, a printer 103, and speakers 104. The 

optical path, at one time reflecting the image from the optical computer monitor 110 includes a screen 111 (see FIGS. 1 

device and at a different time permitting the image to pass 30 and 3) and an image source 10 for projecting light onto the 

through the optical device to be displayed. The image- screen 111. Preferably, the computer monitor 110 is a 

forming ferroelectric LCD device of the present invention compact monitor HOB as described below in conjunction 

could be used as an image engine in the method disclosed in with FIG. 3. Such a monitor, which requires a polarized 

that patent application. image, is further described in copending U.S. application 

The present invention also includes a system with a Ser. No. 08/581,108, entitled "Projecting Images," to Knox, 

computer and a display which includes the display controller filed Dec. 29, 1995, and incorporated herein by reference, 

disclosed. Likewise, the present invention could include a The image source 10 is shown in more detail in FIG. 4. FIG. 

television using the display controller disclosed. The display 2 illustrates a projection-based system with the image engine 

apparatus could comprise a desktop computer, with the 4Q I and a screen S, also suitable for use with the invention, 

computer being the means for providing an input video The image source 10 includes a light source 20, a swit- 

signal and the computer monitor comprising the display chable color filter 30, a ferroelectric LCD panel 40, and a 

means. lens 50. Though the switchable color filter 30 is shown 

The means for sequentially selecting the first, second, and between the light source 20 and the color ferroelectric LCD 

third capacitors of each controller for the FLCDs is prefer- 45 panel 40, it could instead be placed between the sequential 

ably a multiplexer. The light source means preferably com- color ferroelectric LCD panel 40 and the lens 50. 

prises a switchable color filter electrically connected to a The light source 20 can advantageously be a highly 

triple clock rate counter on a synchronized rotating series of efficient source of light, such as the bght sources disclosed 

three color filters. in U.S. Pat. No. 5,404,076. 

The sawtooth voltage input signal can use many 50 A shaped (e.g., parabolic) annular reflector housing 14 is 

variations, such as a rising or falling sawtooth signal; a positioned about and spaced from bulb 11 as shown in FIG. 

gamma-corrected sawtooth shaped signal; a falling sawtooth 4. The housing 14 is hollow, defined by a wall 15 and an 

shaped signal having a different gamma-corrected waveform open end portion 16. The wall 15 has a reflecting surface that 

corresponding to each light color, or an alternating rising and can be parabolic in section as shown in FIG. 4. A first 

falling signal. Further, in another embodiment, a multiplexer 55 transversely positioned filter 18 is interposed across the path 

is used to provide analog RGB video levels to an analog of light beams that are travelling from the bulb 11 through 

LCD for use with field sequential color. the open end portion 16. A second filter 21 is interposed on 



BRIEF DESCRIPTION OF THE DRAWINGS 



the opposite side of filter 18 from bulb 11 as shown in FIG. 
4. 



For a further understanding of the nature and objects of 60 The first filter 18 is preferably an interference filter such 

the present invention, reference should be had to the fol- as a dichroic filter or dichroic mirror, that reflects certain 

lowing detailed description, taken in conjunction with the colors of light while allowing others to pass through. The 

accompanying drawings, in which like parts are given like filter 18 is preferably selected to pass red, green and blue 

reference numerals, and wherein: light, reflecting undesired light back to the bulb 11 and the 

FIG. 1 is a perspective view of a computer system in 65 reflector surface 17. By reflecting light other than red, green, 

which the display controller according to the present inven- and blue for example back to the bulb 11, the light source 20 

tion can advantageously be used; becomes more efficient if it is of a type that reabsorbs and 
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retransmits light. Such a light source is described in U.S. active LCD can be deposited underneath each ultimate pixel 

patent application Ser. No. 08/747,190, entitled "High Effi- location on a silicon chip, and then a fresh reflective surface 

ciency Lamp Apparatus for Producing a Beam of Polarized deposited over those electronics. In this way, the reflector 

Light," to Knox, filed Nov. 12, 1996. Therefore, the filter 18 also has its own electronics. But while these LCDs are 

reflects back and "recycles" unwanted light wave lengths. In 5 relatively small, they are large for integrated circuit chips, so 

FIG. 4, the light source 20 has the filter 18 mounted inside abundant space is available for rather sophisticated electron- 

the reflector housing 14 and the filter 21 mounted at the ics for each pixel, such as the circuitry block 69 A. Therefore, 

opening 16. The filter 18 and the filter 21 each extends at its the various circuitry can be deposited on a silicon or other 

periphery to the wall 15. chip, near each ultimate pixel location, and then a reflective 

The filter 21 is a reflective polarizer that only allows a 10 laver deposited on the surface, 
certain polarity of light to pass through. The filter 21 reflects The switches 68 load the analog signal voltages in capaci- 
light of unneeded polarity back to the bulb 11. Therefore, in tors RCA, GCA, and BCA in parallel. The analog signals 
the light source 20, emitted light has been filtered to be of used to provide voltages for the capacitors RCA, GCA, and 
desired portions of the color spectrum and of a desired BCA are standard analog signals provided by video control- 
polarity. Filters 18 and 21 are optional. Filter 21 may be 15 lers. Typically, vide o controllers incl ude a digital-to-analog 
omitted if light of a particular polarity is not needed in the converter (DAC) which receives a digital representation'of 
display system in which the image source 10 is used. Screen the color for each pixel. That digital re presentation is then 
18 may be omitted if inexpensive apparatus is more impor- converted to three analog signal levels and provided to 
tant than efficiency. whatever video display is being used. In this case, that 

The color ferroelectric LCD panel 40 is shown in more 20 anal °g si g nal ^ provided to each of the capacitors RCA, 

detail in FIGS. 5 and 6. The color ferroelectric LCD panel GCA, and BCA. 

40 is made up of a plurality of pixels, four of which are In operation, analog signal voltages are applied to capaci- 

designated as pixels 60A, 60B, 60C, and 60D in FIGS. 5 and tors RCA, GCA, and BCA at the rate at which frames are to 

6. Each pixel includes a ferroelectric LCD (FLCD), and four be displayed on the screen 111 of the computer monitor 110 

are shown as FLCDs 63A, 63B, 63C, and 63D in FIG. 6. 25 (typically between 60 and 80 Hz). The waveform generator 

Each FLCD 63A, 63B, 63C, and 63D includes a trans- 67 produces a sawtooth waveform W2 (see FIG. 8) which 

missive region, 61A, 61B, 61C, and 61D, respectively, and preferably peaks^aJJh&color period rate, which is preferably 

a non-transmissive region, 62A, 62B, 62C, and 62D, respec- much faster lfian tripj ejhe frame rate. The s awtooth wave- 

tively. Preferably, the transmissive regions 61 A, 61B, 61C, form W2 WedTooneinput of the gpgage^Q-ffi parator circujr 

and 61D are maximized and the non-transmissive regions 64A. The color period counter 66 sipals^rrlbe-mulriplexeT" 

62A, 62B, 62C, and 62D are minimized. <S5A to switch the positive input of the voltage comparator 

A switchable color filter which can advantageously be circuit 64A to the capacitor RCA for first color period, then 

used as the filter 30 can be obtained from DisplayTech t0 the capacitor GCA for the next color period, and then to 

Company. Alternatively, a rotating disk of red, green, and 35 thecapacitor BCA for the last color period. At the same time, 

blue filters (or other suitable three complementary colors) the color P enod counter 66 signals to the color sequential 

can form the filter 30 ^ ter ^ t0 P ass re( * ^S nt t0 tne pixels for first color period, 

Turning now to FIG. 7, the electronics for controlling the < hen t0 Pf 55 ^ ^ 
FLCD 63A are shown. TTaese control electronics include a t0 blue h S ht for the Iasl color P enod 
first analog storage device (here a capacitor) RCAfor storing 4 o Alternatively, if the color sequential filter 30 is a rotating 
an analog signal voltage representing the red light to be dlsk of three filters > the color penod counter to the multi- 
transmitted from pixel 60A, a second capacitor GCA for P lexer 65A is synchronized such that the red color capacitor 
storing an analog signal voltage representing the green light RCA is coupled to the comparator 64A when the red filter is 
to be transmitted from pixel 60A, a third capacitor BCA for m P lace > and the same for the green and the blue color 
storing an analog signal voltage representing the blue light 45 capacitors GCA and BCA. In any case, it will be appreciated 
to be transmitted from pixel 60A, a multiplexer 65A, a that a variety of methods of synchronizing the color sequen- 
comparator circuit 64A, a waveform generator 67, and a tial filter 30 with the selected capacitors RCA, GCA, or BCA 
color period counter 66. Similar electronics are used for the ^ available, and are not critical to the invention, 
other FLCDs, though one color period counter 66 and one Further, it should be noted that the color period rate need not 
waveform generator 67 can be shared among the various 50 be coupled to the frame rate— they can be asynchronous, 
pixels. The circuitry needed for each pixel is illustrated as with changes in one rate not affecting the other. This allows 
the circuitry block 69A. The circuitry block 69A is repeated the color period to be short— frequencies of over 600 Hz 
for each pixel, as is illustrated by block 69B, Further, analog independent of the video controller frame rate. This is 
switches 68R, 68G, and 68B pass the analog levels from desirable because it reduces adverse effects often present in 
RGB video lines generated by a video controller 70. These 55 color sequential systems, such as rainbows and color bursts 
switches 68 are appropriately turned on and off responsive when one ^ms their head. 

to row and column decode circuitry 71. The counter 66 is As illustrated in FIG. 8, the voltage comparator circuit 
preferably much faster than three times the screen refresh 64A compares, during the first color period, the voltage RV1 
rate, where typical screen refresh rates range from 60 to 72 on the capacitor RCA to the portion RW1 of the sawtooth 
Hz. 60 waveform W2. During the second color period, the voltage 
The capacitors RCA, GCA, and BCA, the multiplexer comparator circuit 64A compares the voltage GV1 on the 
65A, the comparator 64A, the FLCD 63A, and the switches capacitor GCA to the portion GW1 of the sawtooth wave- 
68 are all preferably constructed on the LCD panel 40. This form W2. During the third color period, the voltage corn- 
can be done using a variety of techniques. Because LCD parator circuit 64A compares the voltage BV1 on the capaci- 
panels for projection systems can be very small, such spatial 65 tor BCA to tne portion BW1 of the sawtooth waveform W2. 
light modulators lend themselves to integrated circuit fab- This sequence is continuously repeated. During the fourth 
rication techniques. For example, the drive transistors for an color period, the voltage RV2 on the capacitor RCA is 
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compared to the portion RW2 of the sawtooth waveform W2 
by voltage comparator circuit 64A. During the fifth color 
period, the voltage GV2 on the capacitor GCA is compared 
to the portion GW2 of the sawtooth waveform W2 by 
voltage comparator circuit 64A. During the sixth color 
period, the voltage BV2 on the capacitor BCA is compared 
to the portion BW2 of the sawtooth waveform W2 by 
voltage comparator circuit 64A. 



tst color period that the 
j) voltage RV1, the output 



During that portion oj 
voltage of waveform wisexcee( 

voltage of comparator ckcuITiszero, and FLCD 63A is off 
(non-transmissive). During that portion ofthfi-first color 
period that the voltage of waveform W2 iirless tharTvoltage 
RV1 (from tl to t2), the output voltage of comparator circuit 
is sufficient to turn on FLCD 63A, and thus FLCD 63A is 
transmissive. Thus, during the first color period, FLCD 63A 
will be on, transmitting red light, for the amount of time 
represented by block RI1 in FIG. 8 (t2-tl). The voltage GV1 
on the capacitor GCA during the second color period is 
higher than the voltage RV1, and thus FLCD 63 A will be on 
for a longer time period (from t3 to t4 — see block Gil) 
transmitting green light than it was transmitting red light. 
For the next color period, blue light will be transmitted 
through FLCD 63A for only a brief period (from t5 to 
t6 — see block BI1) because the voltage BV1 is so small. A 
person watching the screen 111 of the computer monitor 110 
during the first three color periods would perceive a color 
transmitting from pixel 60A which is a mixture of red light, 
about twice as much green light, and about a third as much 
blue light. 

In like manner, FLCD 63A will be on during the fourth, 
fifth, and sixth color periods from time t7 to time t8 (as 
indicated by block RI2, during which time it will transmit 
red light), from time t9 to time tlO (as indicated by block 
G12 in FIG. 8), and for a relatively short period of time (not 
shown) transmitting blue^light. 

Sawtooth wavefornnV24s shown to be falling sawtooth 
wave. The FLCD controTelectronics of the present invention 
will likewise work with a rising sawtooth wave/Wl fsee 
FIG. 9), an alternating sawtooth wave W3, a gamffwTcor- 
rected (non-linear) waveform W4 (to compensate for the 
fact that the difference between no light at all during a frame 
duration and light for a short amount of time during the 
frame duration is greater than the difference between light 
during all of the frame duration and light during all of the 
frame duration except for the short amount of time), a 
wavefornvW5 in^hich the gamma cojxejctjon for each color 
of light is arflKrent, and a waveformW6 >vjth a relaxation 
period represented by a flat portion atnherfop of the wave 
form where the FLCD 63A is always off, regardless of the 
voltage on the relevant capacitor. 

Further, it is preferable that the lowest voltage on the 
sawtooth waveforms Wl-6 is slightly higher than the lowest 
voltage that could be held by the capacitors RCA, GCA, and 
BCA. This ensures that if the output of the video controller 
is to assume a fall off pixel valve, no light is transmitted by 
that pixel. 

The waveform generator 67 could be of a variety of types 
of waveform generators, including a waveform generator 
that uses a digital/analog convertor that can be programmed 
by the computer system. In this way, the waveform put out 
by the waveform generator can be dynamically altered, 
resulting in different gamma corrections. 

Turning to FIG. 10, an additional embodiment according 
to the invention is shown. The system can be adapted for use 
with analog LCD cells, such as the LCD cell LCD1 or 
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LCD2. These cells are different from the FLCD's in that they 
are responsive to voltage levels, and not strictly on/off. 
According to the invention, the color period counter 66 can 
clock the multiplexer 65A to again select the capacitors 
RCA, GCA, and BCA in sequence, but in this case it is not 
necessary to provide the waveform generator 67 nor the 
comparator 64A. Instead, illustrated is an amplifier 72 which 
has a high input impedance so as not to discharge the 
capacitors RCA, GCA, and BCA. The amplifier 72 in turn 
drives an analog LCD cell LCD1, which sequentially 
assumes the correct transmissivity as specified by the 
capacitors RCA, GCA, and GCA as illustrated in FIG. 7. 
Alternatively, the amplifier 72 can be eliminated if the clock 
rate is sufficiently high and the resulting signal directly 
provided to an analog LCD cell LCD2. In this way, a single 
LCD cell is used for a color sequential display while a 
standard output from a video controller can be used to 
provide the analog voltage levels for the capacitors RCA, 
GCA, and BCA. 

Although the invention has been described with a trans- 
missive LCD panel, the panel controller of the present 
invention could be used with a reflective LCD panel, such as 
that disclosed in the DisplayTech paper mentioned above. 

The foregoing embodiments are presented by way of 
example only; the scope of the present invention is to be 
limited only by the following claims. 

What is claimed is: 

1. A display apparatus comprising: 

a plurality of ferroelectric liquid crystal display pixels; 
a controller for each ferroelectric liquid crystal display 

(FLCD) pixel, each controller including: 

a first storage device for storing an analog voltage 
signal corresponding to a first color of light to be 
emitted from the pixel during a video frame; 

a second storage device for storing an analog voltage 
signal corresponding to a second color of light to be 
emitted from the pixel during a video frame; 

a third storage device for storing an analog voltage 
signal corresponding to a third color of light to be 
emitted from the pixel during a video frame; 

a comparator device for sequentially comparing the 
analog voltage signals to a voltage input signal, the 
comparator device having an output signal which is 
fed to the ferroelectric liquid crystal display pixel; 
a voltage input signal generator providing the voltage 

input signal; 

means for sequentially selecting the first, second, and 
third storage devices of each controller for the FLCD 
pixels; 

a light source; and 

a filter for sequentially selecting different colors of light. 

2. The display apparatus of claim 1, further comprising: 
a video controller for providing the input video signal. 

3. The display apparatus of claim 1, wherein said storage 
devices are capacitors. 

4. The display apparatus of claim 1, wherein the means for 
sequentially selecting the first, second, and third storage 
devices of each controller for the FLCD pixels comprises a 
multiplexer. 

5. The display apparatus of claim 1, wherein said filter is 
a rotating disk with red, green, and blue filters. 

6. The display apparatus of claim 1, wherein said filter is 
a digitally switched filter. 

7. The display apparatus of claim 1, said filter is a 
reflective filter. 

8. The display apparatus of claim 1, wherein the plurality 
of pixels is located between the light source and the display. 
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9. The display apparatus of claim 1, wherein the voltage 
input signal comprises a falling sawtooth signal. 

10. The display apparatus of claim 1, wherein the voltage 
input signal comprises a gamma-corrected sawtooth signal. 

11. The display apparatus of claim 1, wherein the voltage 5 
input signal comprises a sawtooth signal having a different 
gamma-corrected waveform corresponding to each light 
color. 

12. The display apparatus of claim 1 further comprising: 
three analog switches coupled to said storage devices and 30 

receiving red, green, and blue analog signals, wherein 
said switches pass said red, green, and blue analog 
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signals responsive to a decoded row column address 
corresponding to the pixel. 

13. The display apparatus of claim 1, wherein the ferro- 
electric liquid crystal display pixels are provided by a 
ferroelectric liquid crystal display with a reflective surface, 
wherein the controller for each pixel is located beneath the 
reflective surface as part of an integrated surface. 

14. The display apparatus of claim 1, wherein the fre- 
quency of the voltage signal is at least about 600 Hz. 

* * * * * 
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